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AUTOMATIC LEVEL CONTROL (ALC) 
RELATED APPLICATIONS 

[001] This application claims priority based on Provisional Patent Application 
60/444,349, filed January 30, 2003. This application and the aforementioned 
provisional application have a common inventor and are assigned to the same 
entity. This application is also related to Patent Application, Serial Number 

(attorney docket number TI-35933), and to Patent Application, Serial 

Number (attorney docket number TI-36462), which are herein 

incorporated in their entirety for all purposes by this reference. 

TECHNICAL FIELD 

[002] The invention relates to signal processing methods and systems. More 
particularly, the invention relates to methods and systems for automatic level 
control (ALC) in processing video signals. 

BACKGROUND OF THE INVENTION 

[003] The reproduction of electronic video images involves the transmission of a 
waveform known as a video signal. Various types of video signals, such as for 
example composite video, S-video, and component video, have certain shared 
characteristics. In general, the video signal includes both video image display 
information and associated synchronizing information. A graphical representation 
of a generic video signal 99 known in the arts is shown in Figure 1 . As shown in 
the example, the video information is generally in the form of a signal having a 
black reference level 100, and a higher level representing white 200. The 
continuum of levels 300 between the black level 100 and the white level 200 is 
then used to represent degrees of gray. The synchronizing information 400 used 
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in formatting the signal display includes vertical and horizontal display alignment 
and color decoding information. The lowest value of the synchronizing signal is 
referred to as the "sync tip" 500. The synchronizing pulses 400 are positioned in 
portions of the signal 99 that do not contain video display information, that is, 
below the black level 100 to prevent disruption of the video image display. This 
is referred to as the "blank level" 600. The synchronizing pulses 400 shown in 
this example have a reference level at the blank level 600. 

[004] The video signal waveform 99 from the sync tip level 500 to the white level 
200 used in this example has a target peak-to-peak amplitude of 1V. The "front 
porch" 900 refers to the portion of the video signal 99 that occurs between the 
end of the active video interval 800 and the falling/leading edge of the horizontal 
sync pulse 500. The "back porch" 700 refers to the portion of the video signal 99 
that occurs between the rising/trailing edge of the horizontal sync pulse 500 and 
the beginning of the active video Interval 800. 

[005] In video signal processing, automatic level control (ALC) is commonly used 
to maintain the offset level or brightness of the video signal. In a typical ALC 
implementation, the offset applied to the video signal is automatically adjusted 
until the difference between the target back-porch level (also known as blanking 
level 600) and the measured back-porch level is driven to zero at the output of 
the video system. Similarly, automatic gain control (AGC) is commonly used to 
maintain the amplitude or contrast of the video signal. In a typical AGC 
implementation, the gain applied to the video signal is automatically adjusted 
until the ratio of the target sync-height to the measured sync-height is driven to 
unity. One problem encountered in the arts is that the back-porch level referred 
to the input of the gain control stage is typically not guaranteed to be zero. 
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Therefore, a step change in the gain applied to the video signal can cause a 
corresponding step change in the back-porch level referred to the output of the 
video system. Restoring the desired back-porch level after a step change in the 
gain may require multiple iterations of a recursively filtered ALC algorithm. The 
net effect is the appearance of an offset transient whenever there is a step 
change in the gain. 

[006] Offsets may be applied to either the coarse analog offset stage or the fine 
digital offset stage of the signal processing system. Similarly, gains may be 
applied to either the coarse analog gain stage or the fine digital gain stage of the 
signal processing system. Assuming for the purpose of clarifying and simplifying 
the description, that both the coarse analog offset and the coarse analog gain 
remain constant, the fine digital offset and fine digital gain may be discussed 
individually. The same approach toward adjusting the offset may alternatively be 
applied to either the coarse analog offset or the fine digital offset, or to both. 

[007] It is known in the arts to make adjustments to an offset control value by 
finding the difference between a desired target back porch value and an actual 
measured back porch value. The difference may be mulfiplied by a filter 
coefficient, and the result added to the immediately preceding fine offset control 
value to obtain a new fine offset control value. Herein denominated the "classical 
approach," this technique may be expressed, 

Opln] = 0F[n-1] + ct{ Lnom - Nbp )/Gp [Equation 1], 

where OF[n] is a new fine offset control value, 0F[n-1] is the immediately 
preceding fine offset control value, a is a first-order recursive filter coefficient, 
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Lnom is the desired or target back porch level referred to the signal output, Nbp is 
the mean measured back porch value and Gp is the gain applied between a fine 
offset stage and the signal output where the back porch level is measured. 

[008] A problem with the classical approach to automatic level control (ALC) is 
that changes in the gain applied to the video signal, for example by an AGC 
technique, can cause offset transient. Offset transient occurs when a relatively 
large gain change, in this case fine gain, is made in the video signal processing 
system with the result that the required new fine offset control value Of[n] is 
dramatically different from the immediately preceding fine offset control value, 
0F[n-1]. Since the classical approach does not consider gain when setting the 
new fine offset control value OfM, it can take numerous iterations of the 
commonly used ALC techniques to arrive at a desirable new fine offset control 
value Of[n]. These difficulties are still more acute when the ALC is applied 
relatively infrequently, such as at the frame rate, making signal anomalies more 
problematic than they might be if occurring at shorter intervals, such as at the line 
rate. 

[009] Figure 2 (prior art) and Figure 3 (prior art) help to illustrate the problem of 
offset transient using the classical approach. Assume, for the purposes of 
illustration, an arbitrary step gain change in a signal processing system from 1.25 
to 1.0 (y-axis), as shown Figure 2. Further assume that the classical ALC 
approach is applied at a frame rate. Plotting the change in the target back porch 
level over the difference of the mean measured back porch level and the synch 
tip level, ( Lnom/(Nbp"Nst), shows that the change can be accomplished in 
relatively few frames (x-axis), the bulk of the transition being completed within 
about 40 frames. Referring now to Figure 3, the difference between the target 
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back porch level and the measured back porch level (Lnom-Nbp) is plotted relative 
to the number of frames (x-axis). It can be seen that the gain change depicted in 
Figure 2 results in a sudden and dramatic departure of the measured back porch 
level from the target back porch level. Moreover, it takes a significant number of 
frames, i.e., iterations of the classical ALC approach in this example, to reach the 
desired target back porch level. 

[010] Due to these and other problems, it would be useful and desirable in the 
arts to provide improved ALC methods and systems capable of providing quickly 
converging and accurate automatic level control dynamically adjusted for applied 
gain. 

SUMMARY OF THE INVENTION 

[011] In carrying out the principles of the present invention, In accordance with 
preferred embodiments thereof, methods and systems are provided for automatic 
level control (ALC) in a video signal processing system by controlling the signal 
level responsive to gain variations. 

[012] According to one aspect of the invention, techniques are described for 
taking gain into account when adjusting a video signal reference level by 
applying a new offset control value. 

[013] According to preferred embodiments of the invention, methods are 
disclosed in which the back porch level is monitored at the video system output 
and a mean back porch is computed. The difference between the mean back 
porch and target back porch level is used, along with the immediately preceding 
fine offset control value and present gain value, in order to detemnine a new fine 
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offset control value. 

[014] According to other aspects of the invention, the steps are reiterated at 
selected intervals, such as the line rate or frame rate of the video output signal. 

[015] According to other aspects of the invention, the steps may be applied to 
analog processes and/or digital processes in the video signal processing system. 

[016] According to another aspect of the invention, the methods may be 
determined or described by the relationship: 

OfM = (1- a)*[NBp/Gp - (Nbp/Gp - 0F[n-1])*(a/b + GfM) / {a/b + GF[n-1])] 
+ a *[Lnom/Gp - (Nbp/Gp - Of[n^nna/b + GF[n]) / {a/b + Gpin-I])]. 
[Equation 2]. Wherein: OF[n] is a new fine offset control value; 0F[n-1] is the 
immediately preceding fine offset control value; a is an ALC recursive filter 
coefficient according to the system; GF[n] is a fine gain control value as 
determined by an AGC; GF[n-1] is the immediately preceding fine gain control 
value; a is the y-intercept, and b is the slope of the linear fine gain control 
equation of the AGC; Lnom is the target back porch level value; Nbp is the mean 
of digital samples of the actual measured back porch value; and Gp is the gain 
applied between a fine offset stage and the signal output. 

[017] According to yet another aspect of the invention, a system for automatic 
level control (ALC) of a video signal includes means for measuring the back 
porch of the video signal, detennining the mean back porch level over a selected 
interval, and while dynamically adjusting for gain, applying a new offset control 
value for positioning the back porch at or near a target value. 
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[018] The invention provides technical advantages including but not limited to 
providing accurate ALC adjustments that may be applied to a video signal 
concurrently taking into consideration the existing gain level. These and other 
features, advantages, and benefits of the present invention will become apparent 
to one of ordinary skill in the art upon careful consideration of the detailed 
description of representative embodiments of the invention in connection with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0191 The present invention will be more clearly understood from consideration of 
the following detailed description and drawings in which: 

[020] Figure 1 (prior art) is an example of a representative video signal familiar in 
the arts; 

[021] Figure 2 (prior art) is a depiction of an example of the response to a step 
gain change in a representative video signal familiar in the arts; 

[022] Figure 3 (prior art) is a depiction of an example of the effects of the gain 
change shown in Figure 2 when using a known ALC technique with a 
representative video signal familiar in the arts; 

[023] Figure 4 is a block diagram showing an example of a video signal 
processing system illustrating the operation of exemplary embodiments of the 
ALC of the invention; and 

[024] Figure 5 is a process flow diagram depicting an example of methods and 
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systems for ALC according to the invention. 

[025] References in tlie detailed description correspond to like references in the 
figures unless othenA/ise noted. Like numerals refer to like parts throughout the 
various figures. Descriptive and directional terms used in the written description 
such as upper, lower, left, right, etc., refer to the drawings themselves as laid out 
on the paper and not to physical limitations of the invention unless specifically 
noted. The drawings are not to scale, and some features of embodiments shown 
and discussed are simplified or amplified for illustrating the principles, features, 
and advantages of the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[026] In general, the automatic level control (ALC) of the invention takes into 
account the gain of the system, such as that provided by an associated 
automatic gain control (AGC). Many AGC systems and methods are known in 
the arts and may be used without departure from the ALC techniques of the 
invention. The examples and preferred embodiments described herein refer to 
video signal applications, however, it should be understood by those familiar with 
the arts that numerous other applications would be well served by use of the 
principles of the invention. 

[027] A new fine offset control value in a video system according to a preferred 
embodiment of the invention may be described by, 

OF[n] = (1- ar[NBp/Gp - (Nbp/Gr - 0F[n-1])*(a/b + GF[n]) / (a/b + GF[n-1])] 
+ a*[LNOM/Gp - (Nbp/Gp - 0F[n-1]r(a/b + GF[n]) / {a/b + GF[n-1])] 
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[Equation 2], 
where: 

OF[n] is a new fine offset control value, preferably expressed as a 12-bit digital 
value; 

0F[n-1] is the immediately preceding fine offset control value; 

a is an ALC recursive filter coefficient according to the system; 

Gf[n] is the fine gain control value, as selected by an AGC method, for example, 

as disclosed in the referenced co-pending application, preferably the fine gain 

control value is expressed as a 12-bit digital value; 

GF[n-1] is the immediately preceding fine gain control value; 

a is the y-intercept, and b is the slope of the linear fine gain control equation of the AGC; 
Lnom is the target back porch level value; 

Nbp is the mean of digital samples of the actual measured back porch value; and 
Gp is the gain applied between a fine offset stage and the signal output. 

[028] The expression of Equation 2 may be manipulated and rearranged to 
provide the alternative expression, 

OfM = Nbp/Gr - (Nbp/Gp - OF[n-1])*[(a/^) + Gf[n]) I {a/b + GF[n-1])] 
+ (/(Lnom - Nbp)/Gp [Equation 3]. 

This expression may be simplified further by assuming that the y-intercept value 
a is equal to zero: 

OF[n] = Nbp/Gp - (Nbp/Gp - 0F[n-1]) * Gf[r] I GF[n-1] + (/(Lnom - Nbp)/Gp 
[Equation 4], 



-9- 



Attorney Docket No. TI-36273 



[029] It should be understood that the y-intercept has been set to zero for the 
sake of convenience in this example. Any y-intercept may be used without 
departure from the invention so long as a constant value is selected. The 
application of the principles of methods and systems conforming to a topology 
described by Equation 4 are further described herein. Preliminarily, it should be 
noted that if the fine gain control value is constant, i.e., in cases where Gf[n] = 
GF[n-1], the description of the new fine offset control value reverts back to the 
classical approach given in Equation 1 . 

Since the gain value that gave rise to the immediately preceding offset is 
unchanged, the new fine offset control value is then equal to the immediately 
preceding fine offset control value plus the product of the filter coefficient and the 
difference between the target back-porch level (Lnom) and the mean measured 
back-porch level (Nbp) divided by the gain Gp applied between a fine offset stage 
and the signal output where the back porch level is measured. 

[030] In cases where the fine gain control value has changed, i.e., Gpln] does not 
equal GF[n-1], Equation 1 does not accurately describe the attributes of an 
optimum new fine offset control value Opln]. It should be appreciated that the 
approach of Equation 1 does not take the preceding, GF[n-1], and new fine gain 
control values GF[n] into account. The approach of Equations 2 through 4 has 
been developed to describe a new approach to automatic level control, in which 
the effect of the fine gain change is taken into account. It should be appreciated 
by those skilled in the arts that the approach of dynamically adjusting the fine 
offset control value OF[n] based on the fine gain control value GF[n] may also be 
used alternatively or concurrently in a system or subsystem for adjusting the 
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coarse offset control value Oc[n] based on the coarse gain control value Gc[n], 
by making suitable modifications to equations 2 through 4. 

[031] Figure 4 is a block diagram showing an example of a video system 10 
using a preferred embodiment of the invention. An analog video input signal 12 
is received by the system 10 and is converted as known in the arts into a digital 
signal 14 for processing by digital circuitry 16. In order to facilitate processing 
and display processes, a gain 18 is applied to the signal 14 using AGC methods 
and systems described elsewhere, such as for example, those described in the 
co-pending applications incorporated herein in their entirety by reference. Level 
correction 20 is provided using a fine offset control value Of[n] in order to ensure 
that the proper levels are maintained in order to provide a video output signal 22 
for display or other use by additional circuitry (not shown). The offset level 
correction 20 relies on the capture of data relative to the video output signal 22 
and adjustment 24 of the offset control value Of[n] based on existing gain 
conditions. 

[033] A process flow diagram illustrating an example of an overview of offset 
adjustment 24 steps in a preferred embodiment of the invention is shown in 
Figure 3. Using the frame rate interval as an example, the measured back-porch 
level may be captured for each horizontal line of an entire video frame, as 
indicated in step 32. This may be accomplished by sampling the back porch, for 
example, 16 samples per line, and averaging the results. Next, the mean back- 
porch level Nbp for that frame is calculated 34. As shown at step 36, the 
difference between the target back-porch level (Lnom) and the mean measured 
back-porch level (Nbp) is used to determine the new fine offset control value 
OfM, as shown for example, by Equation 4. 
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Of[n] = Nbp/Gp - (Nbp/Gp - Opln-I])* Gf[n] I GF[n-1] + c/(Lnom - Nbp)/Gp. 

Equation 4 is a first-order recursive filter having a filter coefficient of a The filter 
coefficient value a is preferably a power-of-2 fraction (e.g. 1, 1/2, 1/4 or 1/8) so 
that the multiplication can be performed without introducing any additional 
quantization error by using a simple shift operation. Although the preferred 
embodiment describes the use of the invention at the frame rate of the video 
signal, longer or shorter intervals may also be used. It should be appreciated 
that the methods described converge quickly, permitting updates to be performed 
at less frequent intervals while remaining invisible in the video image. 

[034] Further referring primarily to Figure 5, as shown at box 38, the new fine 
offset control value OF[n] is determined using the previous fine offset control 
value 0F[n-1], obtained from the signal. Additionally, the fine digital gain control 
value GF[n], preferably determined using a suitable automatic gain control (AGC) 
algorithm 40, as well as the immediately preceding fine digital gain control value 
GF[n-1], are used to adjust the new fine offset control value OfM to account for 
the present fine gain. The new fine offset control value OfM is then applied 44 
to the video output. As indicated by arrow path 46, the steps are preferably 
reiterated at a selected interval, such as in this example, the frame rate of the 
video signal. 

[035] It should be understood by those skilled in the arts that the invention may 
also be applied, with suitable modification, to controlling the signal level at the 
analog stage 12 (Figure 4) of a signal processing system. As described, 
essentially, the preceding offset control value is used, taking gain into account, to 
maintain the reference level at its previous value; and the new offset value, 
taking gain into account, is used to further adjust the reference level toward the 
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target value. 

[036] Thus, the invention provides new systems and methods for automatic level 
control (ALC) in signal processing. The automatic level control of the invention 
converges quickly and accurately by taking signal gain level into account. The 
invention may be readily applied to processing video signals in their various 
forms. Examples of video systems where the invention may be used include, but 
are not limited to; NTSC, M-NTSC, NTSC-J, NTSC 4.43, PAL, M-PAL, B, D, G, H, 
or N-PAL, SECAM, B, D, G, H, K, Kl, or L-SECAM. While the invention has been 
described with reference to certain illustrative embodiments, the description of 
the methods and devices described are not intended to be construed in a limiting 
sense. Various modifications and combinations of the illustrative embodiments 
as well as other advantages and embodiments of the invention will be apparent 
to persons skilled in the art upon reference to the description and claims. 
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